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Stv- 
dorick Hi} making of porcelain en- the use of the sand blast to prepare 
au of ameled sanitary ware, or hollow the ware for enameling, did not come 
it of ware, has long been an impor- within my province and was not in- 
yn (R tant industry in the United States, cluded in the investigation. 
_ nereasing in importance each year. Sixteen years later, in 1927 to 1928, 
i There are few dwellings built in these I made a second survey of this indus- 
"tie iays which are not equipped with a try and found that the situation had 
ates, reelain enameled bathtub and a _ changed very much in some important 
‘ft; chen sink. It is one of the lead features, enough so to warrant a second 


for the majority of factories 
ise a lead enamel and the charac- 
the work is such that exposure 
‘ead dust is almost inevitable and 
likely to be excessive unless great 
tions are taken. Some seven- 
1911 to 1912, in 
urse of a series of studies of the 
rades for the United States 
of Labor Statisties 


. ears 


ago, in 


, I visited 
icipal hollow ware factories and 
out the eases of lead poison- 
had oeeurred during the 
two years among the men 
/in making and applying en- 


nother dangerous occupation, 


| for publication Feb. 9, 1929. 





This later study was not so 
intensive as the earlier, inasmuch as 


report. 


no effort was made to search out cases 
of lead poisoning, as had been neces- 
sary in 1911. New methods of man- 
agement and changes in technic made 
that part of the investigation super- 
fluous. On the other hand, the later 
study did 
where men are exposed to silica dust 


include the departments 


in cleaning ware for enameling. 


\MIANUFACTURE IN 
1912 


SANITARY WARE 
1911 To 

Mixing Enamel and Enameling 
The study of 1911 to 1912 covered 
ten factories, the five largest in the 


country. two medium-sized, and three 
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smaller ones, employing some 900 en- 
amelers and 112 millmen. Conditions 
in one of these were surprisingly good, 
but the others were for the most part 
operated without precautions and con- 
ditions existed which were fraught 
with much danger to the health of the 
menemployed. No plant had a physi- 
cian in charge, in none was physical 
examination a prerequisite for em- 
ployment, and such a thing as a rou- 
tine examination of lead workers had 
never been thought of. Labor was 
abundant and cheap and a high turn- 
over so usual that it was not considered 
poor practice but inevitable. Indeed, 
in some plants the foremen of the mills 
preferred to keep the mixers of enamel 
only a short time because they wished 
to avoid the serious lead poisoning 
which followed a long exposure. 

The work of enameling sanitary ware 
consists in preparing the enamel and 
applying it. The former is done in 
the mill which is quite separate from 
the enameling rooms. In 1911 these 
mills were crude in equipment or in 
management or in both; the lead oxides 
and other ingredients were kept in 
open bins and usually were simply 
shoveled out on the floor and mixed 
together with a hoe, or shoveled into 
a closed mixer from which the mix 
was dumped into a truck or dropped 
through an unprotected chute in the 
floor. In only two was there an at- 
tempt to prevent dangerous dust by 
placing a hood with an exhaust over 
the lead oxide bin. The raw ingredi- 
ents are fused in a furnace, the hot 
liquid mass is run out into a tank of 
water where it “‘frits,” and the frit is 
ground to fine powder in a mill. At 
that time all this work was carelessly 
machines and mills 


done, mixing 
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leaked, contaminating the air, an 
dust was allowed to accumulate j, 
heaps on the floor. 

The ironware that is to be enameled 
the bathtub or sink, is prepared fo, 
coating by rigorous cleansing with « 
sand blast and then by the so-calleq 
slush coat, which is practically Jeg 
free and which at that time was applied 
to the surface with a paintbrush 
After this has dried, the ware goes jo 
the enameler and his helper who pla 
it in a furnace till it is red hot, bring 
it out to a turntable, and sceatte 
enamel rapidly over it from a dredg 
mechanically shaken, handled by ¢! 
enameler while his helper manages ¢}); 
turntable; then they return it to tly 
furnace where the enamel melts and 
flows smoothly over the surface. This 
process is repeated several times, th 
number of coats depending on 
grade of the ware. 

In 1911 this was heavy, hot, and 
dusty work. The men were in a thick 
fog of lead enamel dust most of th 
time. While the ware was in the fu 
nace there was a brief interval, long 
for large ware than for small, w: 
they could pause and go over to | 
window or out of doors for a br 
of air and coolness, but even this was 
not possible when they 
double furnaces, turning from one | 
the other without stopping. The 
was no pause for lunch, the men 
in the intervals of work, wit! 
washed hands, laying down tlic 
anywhere to run back to the furnac’ 
then picking it up again. Seve 
times the wife of an enameler told! 
of finding white powder in her ! 
band’s lunch box. | 

In 1911 the upkeep in the enam¢ ng 
rooms was often fairly good, for 1! ' 


worked 0! 








M4ril, 
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such dust is allowed to accumulate 
, drifts down from ceiling, walls, and 
other surfaces and mars the freshly 
made coating. Therefore, every two 
. four weeks there was a houseclean- 
vv. on Sunday, and compressed air 
vas used to blow down the dust. 
's was excessively dusty work, done 
usually by an enameler’s helper. But 
dust inherent in the work was not 
controlled in any effective way, the 
nhysical effort in handling the large 
ware was great, and the workday was 
ially eight hours long, without a 
ak, As for the presence of lead 
in the enamel, that was admitted by 
mployers and industrial chemists 
the statement was usually quali- 

| by the assertion that the fusing 
the lead oxide with the silicious 
pounds to make enamel resulted 
changing all the lead oxide to an 
nsoluble and therefore nonpoisonous 
silicate. We consulted A. V. Bleinin- 
ger, then of the United States Bureau 
Standards, as to this and were as- 
sured by him that it was impossible 
or the simple reason that there is 

t enough silica to go round.’ ‘Tests 
enamels actually in use were made 
‘or us by the United States Bureau of 
Chemistry for the purpose of determin- 
ing, not how much lead was present 
in each, but how much lead was pres- 
in a form to be readily dissolved 
human gastric juice. This is the 
-called Thorpe test which is used 
inmonly by the British Factory In- 
‘tion Service to determine the de- 
“ree of danger in handling different 
ead mixtures; and it consists in sub- 
‘ing the mixture to digestion for 
hours in 0.25 per cent. hydro- 
rie acid, then estimating the lead 
i has passed into solution. The 


seven enamels showed proportions of 
soluble lead running from 0.51 to 20.4 
percent. At that time it was custom- 
ary to use more lead in the enamel on 
curves and edges than for flat surfaces. 

A search for lead poisoning among 
the men was a difficult task, in the 
absence of any medical service in the 
plants, but it was possible to discover 
in hospital records and from interviews 
of physicians and examination of men 
then employed 217 cases which had 
occurred during 1911 to 1912 in a 
force supposed to number 1,012 men. 
Given the great labor turnover, this 
last figure is far from covering the 
number of men exposed during the 
year, but neither does 217 cover all 
the cases. The most nearly accurate 
estimate was obtained by the examina- 
tion of 148 strikers, in two towns, 36 
per cent. of whom showed unmistak- 
able signs of plumbism. The charac- 
ter of the disease was severe in many 
‘vases (naturally, for those reported to 
us were hospital cases and cases strik- 
ing enough to have left an impression 
on the memory of physicians). There 
were twenty-eight cases of palsy, eight 
of encephalopathy, and seven deaths. 
The development of an intoxication 
was often rapid, in forty-five out of 
ninety-four cases the period of ex- 
posure before an attack was less than a 
year. Another indication of the un- 
healthfulness of the occupation was to 
be seen in the fact that, although it is 
a skilled and relatively well-paid Job, 
the average trade life of 250 men was 
only six years. 

To sum up, the unhealthful features 
of the enameling of sanitary cast-iron 
ware in 1911 were the following: 


1. The use of a glaze rich in soluble lead 
(Thorpe test). 
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2. Excessive dust in almost all enamel 
mills. 
3. Excessive dust in enameling. 


4. Great heat and physical exertion in 
enameling. 

5. No pause for lunch; lunch eaten in 
enameling room while work went on. 

6. Washing 
quate. 


facilities absent or inade- 


7. No medical service in the plants. 

8. A large turnover and no instruction 
of newly employed men in measures for the 
prevention of plumbism. 


These combined to make an unusu- 
ally dangerous lead trade with a high 
incidence of plumbism, which was fre- 
quently severe in type and developed 
after a short exposure. 


SANITARY WARE MANUFACTURE IN 


1927 To 1928 
Mixing Enamel and Enameling 


As in 1911 to 1912, ten plants were 
studied, the six largest in the country, 
three and small 
The men employed in enamel- 


medium-sized, one 
plant. 
ing in these plants number, roughly 


(for it 


1,430; those engaged in preparing en- 


varies according to season), 


amel, 180, making about 1,600 exposed 
to the effect of enamel, raw or fritted. 

The first important change noted 
was the lessening of the amount of 
This is true in all but the 
smallest plant, where the low heat 


lead used. 


in the furnaces makes a mixture rich 
in lead desirable. Of the other nine, 
three use no lead, or only a trace 
(0.5 per cent.), or use lead only in the 
“seid resistant’? enamel put on kitchen 
sinks. Six still use lead but less than 
before. For instance, the chemist of 
a plant employing over 150 enamelers 
said: ‘We use about 120 parts of red 
lead to 2,000 parts of enamel, or 6 


per cent., but we no longer use a higher 
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percentage for the enamel on eypyes 
as we did. Acid proof enamel hy», 
slightly less lead.’ Another, employ. 
ing 355 enamelers, uses about 4 to 5 
per cent. of litharge, for all but aeiq 
proof enamel, the formula for whic) 
is secret but calls for lead. In a third 
it was stated that, while in 1912 ¢}, 
red lead in the enamel ran up to 24 
per cent., now it is hardly 10 per cent 

According to Homer F. 
formerly of the United States Bureay 
of Standards, an expert in the field 
of ceramics, there is far less lead used 
now than in 1911, even in lead enamel. 
while the use of enamels free from lead 
is increasing and bids fair to become 
universal. <A typical formula in 191] 
‘alled for a low 


‘ 
] 
e) Aley, 


borie oxide content. 
tin oxide as an opacifier, and 21 per 
cent. of lead oxide. Since then, so- 
dium antimonate has supplanted tin 
oxide as the opacifier and along with 
this change has gone a_ progressive 
elimination of lead oxide, which is un- 
desirable if a uniform color is to be 
maintained. ‘‘The great advantage of 
leadless enamel is that one can get 
pure white and creamy white surfaces 
of absolute uniformity when sodiun 
antimonate is used as the opacificr, 
but anything over 14 per cent. of lead 
oxide in these enamels injures the colo! 
and indeed the latter is never as clear 
and beautiful as it is in lead free en- 
amel. The hold of lead enamel 
industry is based on the early exper! 
ence with leadless mixtures by ! 
who did not understand their pro} 
Mr. Staley bel 
that fully one-quarter of the e! 


compounding. ”’ 


ware manufacturers now use no 


1 


and the rest use somewhere het 


6 and 10 per cent., with 15 p 


as the maximum. 
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rhe second change noted in 1927 
vas the lessening of dust. Conditions 
ten milling departments have im- 
~oyed very decidedly during the last 
een years and there is now not 
less lead used in the mix but far 
escape of dust in handling it. 

of the large plants have had all 

ns placed under a long hood 

an exhaust at the back of each 
The car for the mix runs on a 

| in front of the bins and the men 
trained to lift out all the com- 
pounds with care and drop them into 
‘ye car without producing dust. These 
men wear respirators while doing the 
work of compound weighing. In all 
cept the smallest plant there is very 
reful handling and the use of respira- 
rsisgeneral. Still, in the most mod- 
mm mixing room, there is one bad 
spot, the dump that leads down to 
he mixing machine. Here the weighed 
ingredients, containing in most places 
unchanged lead oxide, are dropped 
‘rom the car through a simple hole in 
floor without even a hood above it. 

It is probably here that one finds the 


] 


explanation for the fact that most mix- 


ng rooms have more or less dust in the 


corners and along the edges of the wall, 


lIGT oh 
i 


nowing the presence of red lead 
litharge. In more than one in- 
‘ance the accumulation of dust is 
lly shocking. It would seem to be 
‘imple matter to enclose this dump 
provide a mechanism to tip up 
ick, controllable by a lever on 
iside. In one of the medium- 
ants such a device may be seen, 
s neatly and efficiently. 
her source of lead dust in some 
mpound rooms is the opening 
ptying of kegs or barrels of 


ive 


ays a dusty process and one 


usually done without any precaution, 
although not always in that room. 
The kegs may be opened on the floor 
above and the contents run down to 
the bins below. One large plant has 
an excellent arrangement which de- 
serves to be copied. The oxide bar- 
rels are opened on the shipping plat- 
form, out in the open air, and there 
emptied into a screw conveyor which 
carries the lead to bins in the mixing 
room, a carload at one time. 

From compound room to mixing 
machine, from there to the smelting 
furnace, the fritting tanks, and the 
enamel mill, there is no handling and, 
in a well-constructed plant, no leak- 
ing of dust. Unfortunately, mixing 
machines frequently do leak and so 
do grinding mills. All but three mills 
are still far more dusty than they 
should be, heaps of dust collect, and 
the floors are rough and hard to clean, 
especially as the dust is valuable and 
therefore wet cleaning cannot be used 
because water would dissolve out some 
of the constituents. 

The enameling of sanitary ware has 
also improved during these years; there 
is rather less dust everywhere, the dust 
has less lead and may have none, and 
the need for excessive physical effort 
is decidedly lessened by improvements 
in mechanical devices for handling the 
heavy ware. In modern plants the 
furnace door is drawn up by com- 
pressed air or electricity, the ware is 
lifted from the turntable to the furnace 
and back again with little effort on 
the part of the men, and the turntable 
is controlled by a foot lever, while the 
weight of the dredge is taken by a 
chain from the ceiling. Heat is as 


great an evil as ever in many plants, 


| : , ] oe » , mana 
though, in others, hanging screens of 
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iron offer some protection, and well- 
constructed, properly placed hoods 
help to carry it off; poorly placed hoods 
only aggravate the trouble. An ordi- 
nary electric fanadds much to the com- 
fort of the enameler and might be 
provided in every plant. Summer is 
always the heaviest season in this trade 
and nobody denies that the enameler’s 
work is excessively trying in hot 
weather. The glowing ware is fiercely 
hot. I found that 12 feet was as near 
as I cared to approach a tub just out 
of the furnace, but most enamelers 
work standing only 4 feet away. Some 
use a face screen of wood or an alumi- 
nium or tin pie pan, with eyeholes and 
a stick fastened at right angles to catch 
between the teeth. The most com- 
fortable arrangement is a light tin 
plate fastened to a tin hoop which 
fits around the head. 

It is still true that the enameler is 
expected to work his shift, eight hours 
or six hours, without pause for lunch. 
The furnaces are going and must be 
used. ‘Three shifts are the rule for 
single furnaces, but if a man is on two 
furnaces he works only six hours, for 
there is practically no respite during 
work, as he turns from one furnace to 
the other without stopping. In some 
plants six hours is the usual shift; in 
others it is resorted to in summer when 
the men cannot be pushed too hard. 
The uninterrupted workday means 
that the man must go lunchless or 
snatch his food during the few minutes 
when the newly enameled ware is in 
the furnace. I saw this several times, 
the lunch boxes near at hand, the men 
taking out sandwiches in their un- 
washed hands, laying them down any- 
where when they went back to the 


furnace, the box left open to collect 


dust as the enameling went on. Sy) 


‘} 


Britain in any workplace where |e, 


is present. 


Dry sweeping is still the acceptey 
way of cleaning the floor, and blowing 
with compressed air is still the methoq 


il 


practice is forbidden by law in Gros: 


used for getting rid of the dust froy 


walls, hoods, and ceiling. Yet 
is certainly less dust than in the 


one medium-sized, have beautiful) 
clean enameling rooms. The best on 


TY } 
LiLere 


has six long shops in a row and | 
visitor can look down the whole leng 
while work is going on and see 
visible dust in the air. Here, ove: 


each furnace is a hood with a strong 
exhaust and much enamel dust is re- 
covered from it. There is a fan j 
the wall opposite each enameler, w 

up toward the roof, to drive in fres 


eile 
AuA 


days, and four plants, three large an 





air, and an ordinary electric fan fo. 


coolness is placed close to wher 


stands at work. One smaller plant 


also has efficient hoods over each 


ay 


ameling place, the edge coming down 
to within 4 feet of the top of the wa 


A word should be said about 


slush coat or ground coat, the liquid 


which goes on the cleaned ware Jus 


before it is enameled. Formerly this 


was applied with a paintbrush and, 


even when lead was present in 


mixture, the work was_ practically 


harmless because there was no dus! 


Now the coat is sprayed on, except ! 
Thy 


one plant where they pour it. 


pressure in the spray gun varies Ve! 


| 


much, from 35 pounds to almos' 


pounds, and of course the higher | 
pressure, the greater the formation 4! 


scattering of mist. There is litt 


7 


any lead in it, but there is, accordll 


to the statement of H. F. Staley 
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of several company chemists, more or 
less free silica. Since hoods are rarely 
»rovided and none is entirely efficient, 
this job is one that should be classed 
mong the unhealthful ones, although 
risk of lead is far below that in 
sing and enameling, and the risk of 

. far below that in sandblasting. 
Che health and welfare of the men 
‘s now a subject of real concern in all 
these plants, even in those states which 
ye no compensation for occupational 
lisease. It was interesting in one of 
these latter to contrast the attitude of 
sixteen years ago with that at present. 
lormerly men came and went, with 
obody knowing or caring why and with 
body feeling any responsibility for 
eir sickness or health. Now there 
manager who himself looks over 
the absentee cards each morning and 
follows them up, and who prides him- 
If on a yearly labor turnover of only 
2 to 4 per cent. He has instituted a 
routine medical examination of en- 
amelers and millmen, and a similar 
system is already in force in three other 
iants, fortunately the largest in the 
country. A fifth is about to install a 
pnysician, but the others, including 
ne large plant, have only emergency 

medical care. 

it is evident that these changes must 
ave lessened very much the incidence 
' lead poisoning in the industry and 
the available data point to this 
nclusion. Three of the plants are 
tuated in states which require the 
rting of industrial plumbism and 
ury reveals no reported cases dur- 
ithe last two years. With regard 
ie other plants, one uses no lead, 
the testimony of physicians in 
ection with the others goes to 
that lead poisoning is not nearly 


so common as it was in former years. 
Thus in one plant which employs 125 
enamelers and twenty-two millmen 
there has been no serious case in four 
years. Ifa man begins to lose weight, 
he is examined, and if he proves to 
have plumbism, he is shifted to other 
work. In another, with 335 enamelers 
and fifty millmen, which uses a glaze 
containing from 4 to 5 per cent. of 
litharge, the dispensary records show 
from four to six cases a month, but 
none of them serious, for the cases 
are detected now at an early stage. 
Shifting susceptible men to lead free 
work is a common practice now. 

In spite of the improvements which 
have taken place in this industry, it is 
a significant fact that the working life 
of the enameler is still short, although 
his wages are good and his hours often 
less than the average. One large piant 
points with pride to a veteran who 
has worked at the trade for twenty- 
two years; another has one with eigh- 
teen years of service. Since the men 
start in at 18 or 20 years of age, it is 
plain that the great majority must 
give it up before they reach the age of 
40 years. 


Ware Cleaning Sandblasting 


The study of 1911 to 1912 covered 
only the lead hazard in this industry, 
not the hazard of silicosis which at the 
present time is certainly far more seri- 
ous than the former and probably al- 
ways was. In discussing with physi- 
cians lead poisoning in the industry 
sixteen years ago, I was often told 
that I ought to turn my attention to 
the \sand blasters whose work was 
much more unhealthful than that of 


millmen and enamelers. One foreman 


of many years’ experience told me that 
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he had never known a sand blaster to 
In this 
second study I have included the work 
of sand blasters and their helpers, and 


last more than four years. 


of the cleaners and grinders of east- 
iron ware as it comes from the foundry. 
These men, all exposed in greater or 
less extent to dust rich in free silica, 
number about 1,065 in the ten plants 
under consideration. 

It was not possible for me to have 
estimations made of the actual dust 
of the air in the sand blast 
chambers but even if it had been, there 


content 


would have been no need, for the con- 
ditions are the same as those studied 
by Winslow, Greenburg, and Reeves, 
the results of which were published in 
1920.! 
automobile 


made in 
plants where parts too 


These studies were 
large for mechanical sandblasting are 
blown by hand in chambers or cabi- 
nets of sheet iron, with perforated 
floor, a fan to draw the air down, and 
an opening in the roof for the inlet of 
air. 
the 


The sand is foreed by compressed air 


These cabinets are used also in 
sandblasting of sanitary ware. 
through a hose and nozzle against the 
and 
roughens slightly, so that it looks no 


The foree 


of the blast is great enough to fracture 


metal surface, which it cleans 


longer shiny but frosted. 


the particles of sand, which grow finer 
and finer with each using and at last 
sand 

fall 


and are re- 


rejected and fresh 
The 
] 


through the slotted floor 


must be 


brought. coarse particles 
covered, the fine are partly drawn off 


by an exhaust, but much dust escapes 


1 Winslow, C.-E. A., 
Reeves, EK. H 


a Cireenburg, L., and 
‘ The Efheieneyv of Certain 


Devices Used for the Protection of Sand 
slasters against the Dust Hazard U. S. 
Pub. Health Rep., 1920, 35, 518 
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and remains suspended in the air 
some time. 


lor 
In the automobile shops 
the pressure in the sand blast was no 
over 25 pounds, but in sanitary wap, 
shops it may be as high as 65 pounds. 
Winslow and his colleagues used 4 
Palmer water spray apparatus placed 
at the level of the blower’s head whjlp 
work was in progress. They took te 
samples which showed an average, per 
cubic foot of air, of 60,880,000. par- 
ticles of one-fourth standard (particles 
below one-half standard down to th : 
limit of visibility under a magnifica- 
tion of 84 diameters). This is so far 
the only quantitative estimation that 
has been made of dust hazard in sand- 
blasting; it shows figures far in excess 
of any found up to now in industry 
except in two abrasive factories studied 
by the same observers,” where the aver- 
age dust content per cubic foot was, in 
one, 31,000,000, and in the 
159,780,000. 
They summarize their findings as 
follows: 


other, 


In most industrial plants the protection 
of the worker against the hazard of indu 
trial dusts can be best accomplished by 
keeping the dust content of the air of th 
workroom itself down to a_ reasonabl 
level. 

In other industrial processes, as i! 

sand blasting of large castings, 
is impossible to render the general air 
the work place sufficiently free from du 
to avoid danger of injury to the resp 
atory tract of the worker. In such cases 


as this, protection against the dust haz 








can only be attained by the wearing | 


mets, masks, or respirators, which 


either filter out the dust particles fr 


air before it is drawn into the resp! 


(jreenburg, | 


2 Winslow. ( one A., 


(Greenberg, D.: The Dust Hazard 1 
\brasive 
Rep.. 1919, 34, 


Industrv. U. S. Pub. H 


1171 
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1 exclude the surrounding air more 
Jess completely from the nose and mouth 
LOps »d supply pure air for breathing from some 


> Not ther source. 


ds. In sanitary ware manufacture, silica 
dg just is encountered first in the clean- 
j and finishing department when 
thile ‘he ware comes from the mold with 
ten -and still elinging to it. The looser 
per cand is shaken off by a mechanical 
‘olter, in the larger plants, the ‘‘dead 
cles cand” whieh sticks is brushed off by 
the hand with a stiff brush, then the 
places are ground or dressed 
far with asmall earborundum wheel. The 
hat mold sand contains free silica, although 
nd- + is not nearly so rich in it as is the 
Ss -and used by the blowers.* The dust 
‘try produced by this cleaning is not at all 
ied excessive, but the work is frequently 
rer done in the shop into which the sand 
open. This is true 
ler, in four of the largest plants and since 

the doors of the chambers in these 
as plants are not closed while blowing is 


19 ry Hoh 


- j Loe 4 


In blast chambers 


going on, there is an enormous escape 
of sand dust into the air around the 
vare cleaners, who are thus exposed 
a danger not at all inherent in their 
work. Conditions in these rooms are 
bad, and it must be remembered 


the dust is fine silicious sand. 


in one of these plants there are 
eight sand blast chambers, which at 
he time of my visit were all in opera- 
n and all opening by wide doors into 
end of the ware cleaning room. 
blowers could be seen only dimly 

igh the clouds of sand which 

| around them and out into the 
though all of it did not reach 


eaners because a long hood of 


“ind used in iron foundries usually 
to 70 per cent. of silica. 


rom 50 
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corrugated iron runs along the tops 
of the chambers like a low porch and 


this holds back some of the dust. The 
noise of the blast is deafening. Ina 


second plant the room for cleaning 
large ware has six chambers opening 
into it, and the one for small ware, 
three; in a third plant there are no 
less than fifteen such open chambers. 
The sand is under a pressure of from 
25 to 65 pounds. 

The best equipment by far is in a 
large plant where the ware from the 
foundry is first placed on an auto- 
matic jolter over a pit covered with an 
iron grating to catch the coarse sand. 
Then it goes on a conveyor into a 
long tunnel where an automatic sand 
blast blows off the “dead sand,’’ which 
falls through a slotted floor. The tun- 
nel is equipped with an exhaust to 
‘arry off the finer sand. the 
placing and removing of ware is me- 
chanical. This is the only plant that 
has an entirely satisfactory ware clean- 
ing department. 700 to 725 
men are employed as_ cleaners 


Iiven 


some 
and 
grinders in the ten plants. 

The “‘finished’”’ ware still must un- 
dergo a much more thorough cleaning 
to prepare it for enameling and this 
is done with the sand blast. Sand 
very rich in silica is chosen, one plant 
bringing almost pure silica sand _ all 
the way from Monterey for the pur- 
pose. “Blowing,” as it is called, is 
done inside chambers of varying de- 
grees of excellence. In only the four 
plants mentioned above are the doors 


left but 


leak badly and in most of the others 


open, in another the doors 
the opening of the chamber to remove 
the ware is followed by the escape of 
deal of dust. 


a great There is a 


slotted floor inside, to catch the heavier 
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sand, and an effort is made to carry 
off the lighter particles by means of 
exhausts, but it cannot, from the na- 
ture of the work, amount tomuch. In 
the more modern plants very good 
mechanical devices are provided for 
moving the large heavy ware, but in 
the older ones this must be done by 
hand. 

The work of the blower is so trying 
that he is never expected to carry on 
without intervals of rest, when he can 
remove his helmet, get a free breath of 
air, and recover from the din of his 
machine. In one plant he takes turns 
with his helper, whose work it is to 
get the ware in and out of the chamber. 
In another, the blower works an hour 
and takes an hour off; in a third he 
blows only every other day. The 
hours vary. In the best plant there 
is a day of only five and a half hours, 
others have six hours, seven and a 
half, eight, eight and a half, and one 
has a nine-hour day, all without any 
break for lunch. 

As an outsider watches the work in 
one of those plants where the open 
doors permit, it seems unhealthful and 
exhausting to an unusual degree. The 
roar of the blast, the dense whirling 
clouds of sand, the dim light which 
can pierce the clouds only faintly, 
make a picture not often seen in mod- 
ern industry and one with serious im- 
plications, because of the nature of 
the dust and the fact that, being driven 
with such force, it can penetrate the 
usual kinds of protective covering. 
The blower is always protected against 
the bombardment of the sand _ par- 
ticles by a helmet of heavy canvas or 
ticking which drops down below his 
neck and is loosely tied, but this must 
have a window to let him look through, 
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and the only practical kind seems ;, 
be one of fine copper mesh, whic), 
cannot keep out the finer particles 9; 
dust because they are driven wis 
such great pressure. I have neyo» 
failed to detect sand in the inside o 
one of these helmets if I examined} 
just after use. Because of this fae 
some employers provide in additioy 
to the helmet an ordinary muzz! 
respirator with a sponge. In mos 
plants the helmet has an air pipe whic) 
opens either at the back or in fron: 
near the window or through an aly- 
minium plate on the top, and whi 
provides fresh air by positive pressur 
usually from the compressed air sup- 
ply. In five plants such helmets are 
in use and also a muzzle respirator 
Three use only the helmet, and on 
has helmet and respirator but no air 
pressure. The tenth and best has air 
delivered through the respirator, not 
the helmet, which latter is worn simply 
for mechanical protection. The ai 
in this case does not come from the 
compressed air line but is delivered 
under low pressure at room tempera- 
ture through a Reed air filter. Such 
an arrangement certainly fulfils the re- 
quirements for safeguarding the sand 
blaster better than any other yet seen. 

The helper is exposed to almost as 
much dust as the blower, when ! 
works just outside an open chamber, 
yet he has no protection except 
muzzle respirator which he rarely uses, 
never continuously. In the _ other 
plants there is less constant exposul' 
but he is close to the chamber when !' 
opens and he goes inside to place 1! 
ware and to remove it. There 4 
about 200 blowers in these ten plants 
and about 130 helpers. 

The notoriously dangerous chara 
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.or of the sand blaster’s work led the 
st of the sanitary ware companies 
-) experiment for many years in the 
hope of making the work mechanical 
nda large number of devices have 
heen installed, tested, but usually 
‘ound unsatisfactory. The problem is 
, difficult one to solve, for unless the 
vare is absolutely free fromimperfec- 
‘ons and from grease, the enamel will 
not hold, and it is hard to make a 
machine which will not miss some little 
area of the surface. In three of the 
plants operated by this company, au- 
tomatie blowers have been installed, 
but I saw them working in only one. 
There are three machines for large 
ware, one for small. The room in 
which the former are placed is large 
andamply ventilated. The ware goes 
slowly along a conveyor through a 
small blast chamber in which sand is 
blown through movable nozzles, and 
out of which it emerges through an 
opening protected by curtains. So far 
it is impossible to prevent a good deal 
of sand being driven out through this 
opening, but the machine is certainly 
| great improvement over handwork. 
lt has been found better to have the 
nozzles of the sand blast turn and 
twist over a horizontal tub than to 
iave the ware mechanically turned. 
This reform was introduced for the 
ake of the sand blasters, not prima- 
ily for economy, since the saving ef- 
lected is not great. One hand blower 
‘an clean sixty-five tubs in an eight- 
our day, with one-third of a helper’s 
added, which makes an average 
iorty-nine tubs per man. By ma- 
ine, one operator, two feeders, and 
‘akers-off can clean 300 tubs in 
( hours, an average of sixty tubs 
an. 


la} 


“(Tt 
Li = 
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The substitution of steel shot for 
sand has been found both practical and 
economical in a number of manufac- 
turing establishments which prepare 
iron for coating, and this method does 
away almost entirely with the danger 
of silicosis, for the only sand is that 
which adheres to the metal from the 
mold. Several enameling companies 
have tried shot blast but all say that it 
does not give good results; it drives in 
the scale instead of cleaning it off and 
does not leave an unblemished surface 
for the enamel. ‘The only use for the 
shot blast is to clean enamel from 
“seconds,” 2.e., imperfect ware which 
is to be reenameled. 

A very necessary step in the preven- 
tion of silicosis has already been taken 
in three plants, where the men are 
examined not only for employment but 
at regular intervals as long as they are 
employed in sandblasting. ‘Iwo other 
plants have decided to follow this pro- 
gram. It is to be hoped that the sys- 
tem will be extended to ware cleaners 
and to blowers’ helpers, as is at pres- 
ent done in two of the three factories 
mentioned above. ‘The experience in 
establishments that have dealt. seri- 
ously with the problem of silicosis 
shows that it can be prevented only 
by: careful selection of the men at the 
beginning and then frequent examina- 
tion including X-ray pictures in order 
to detect the early stages of silicosis 
and remove the man from further ex- 
posure. For sand blasters this should 
be done every six months; for helpers 
and cleaners a longer interval may be 
allowed. The one sanitary ware plant 
which has followed this system for 
some time uses a further precaution 
in that the blower is allowed only six 


months’ consecutive work and then 
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six months in other work before sand- 
blasting can be resumed. 

Statistics furnished by the Metro- 
politan Life Insurance Company show 
that the tuberculosis death rate of 
negro men insured in the industrial 
is far higher than the 
death rate from this disease of white 


department 


men in the same class. The figures 
for workers between 20 and 40 years 


of age are as follows: 


Tuberculosis Death Rates 


Age Whites Negroes 
yrs, per 100,000 

20-24 100.4 316.7 
20-29 132.1 298 .6 
30-3: 139.2 293.7 
35-39 172.0 292.5 


Negroes, therefore, seem to consti- 
tute a poor risk in an occupation in- 
volving danger of silicosis and it is a 
fact to be deplored that so many are 
employed as cleaners of sanitary ware 
Of 720 
ware cleaners, 212 are negroes; of 330 
160 


and as sand blasters or helpers. 
sand blasters and helpers, are 
negroes, 


SUMMARY 


Comparing conditions in mzxing en- 
amel and enameling in 1927 to 1928 
with those in 1911 to 1912, the im- 
provements found are: 

l. The 
and 
from lead. 


lead 


free 


enamel contains less 


to an inereasing extent is 


2 There is less dust in the mills. 
3. There is less dust in enameling. 
4. Work at 


less heavy and somewhat less hot. 


the furnaces is much 
5. Washing facilities are adequate, 
sometimes luxurious. 

6. Routine medical service has al- 
ready been installed in five plants, and 
is about to be installed in a sixth. 
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7. There is a low labor turnover ay 
careful attention to the individual a 
workman. 

The evils still remaining are ag {,). 
lows: | 

1. Lead content of enamel may g;jj 
reach 10 per cent. or may even exer, ' 
this figure. ] 

2. In mills where lead oxide is seq 
there is still far too much dust. 

3. The enameler still works six to 
eight hours with no pause and eats hjs 
lunch at his workplace, even in plants 
where lead enamel is used. 


4. Dry sweeping is still universally 
used. ! 
5. Medical examination to detect 


lead poisoning in the early stages js 
still lacking in many plants. 

Conditions found in ware cleaning ; 
in 1927 to 1928 are as follows: 

Some 200 hand blowers, 130 helpers, 
15 machine blowers, and 720 cleaners 
and finishers in nine plants, a total 
of 1,065 men, are employed in work 
which exposes them to the inhalation 
of dust finely divided and rich in free 
silica. 

The hand blowers are protected by: 





Helmet with respirator, no positive 

pressure—one plant. 
lelmet with positive pressure, no 
respirator—three plants. 

Helmet with positive pressure, res- 
pirator—five plants. 

Helmet, and respirator with positiv 
pressure—one plant. 

Blowers’ helpers are provided wit! 
muzzle respirators only, and these ar 
seldom worn. 

There is no protection for cleaners 
and finishers when the dust is exces 
sive. 


In astudy made by Winslow, Green 


burg, and Reeves an average 0! 








Anes 

total 
work 
ation 


free 


res- 


{fone 
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»ples of air taken in sand blast 


shambers yielded, per cubic foot of 
air, 60,880,000 particles of dust below 
ane-half standard. No estimate has 
seen made of the dust content of 
ware cleaning and finishing rooms but 
: js probably fairly high, certainly in 
‘hose rooms which communicate di- 
rectly with open sand blast chambers. 

Proper protection of these men in- 
volves: 

|. Closing all sand blast chambers 
and rendering them dust proof. 

2 Careful selection of helmet and 
At present the best type 
available is a respirator with positive 
pressure and a helmet for mechanical 
protection. 

3. Examination on employment and 
each six months thereafter of blowers, 
with yearly examination of helpers, 
ware cleaners, and finishers. 

During the years that the sanitary 
ware industry has been losing its dan- 
gers a new industry has grown up 
resembling it in many ways, and that 
is the enameling of kitchen stoves and 
gas ranges. The only investigation 

far in this field was made by 
Leathers and Morgan! in a plant using 
enamel which contained ‘‘more than 
ihe usual percentage of lead and some 
dmium’”’and which was applied from 
‘pray guns operated under 80 pounds 

' pressure. Thirty-nine employees 

cre examined for plumbism and a 
‘finite diagnosis made in fifteen cases 


4 


respirator. 


per cent.); a probable diagnosis 
is made in eleven more (28 per cent.). 
‘his plant only men were employed 
many stove works women do 


’ T +}, . r ‘ 

hers, W. S., and Morgan, H. J.: 
© Study of Lead Poisoning in an Enamel- 
4 ttant. Jour. Am. Med. Assn., 1927, 89, 


much if not all of the spraying. ‘This 
is an industry which should be made 
the subject of a thorough investiga- 
tion in the near future. 


APPENDIX 


The British Regulations for vitreous 
enameling of metal or glass came into 
force April 1, 1909. The chief pro- 
visions are as follows: 


DEFINITIONS. 


‘“Enamelling’’ means crushing, grinding, 
sieving, dusting or laying on, brushing or 
woolling off, spraying, or any other process 
for the purpose of vitreous covering and 
decoration of metal or glass; 

‘Employed’? means employed in enamel- 
ling; 

‘Surgeon’? means the Certifying Factory 
Surgeon of the district or a duly qualified 
medical practitioner appointed by written 
certificate of the Chief Inspector of Fac- 
tories, which appointment shall be subject 
to such conditions as may be specified in 
that certificate; 

“Suspension”? means suspension by writ- 
ten certificate in the Health Register, signed 
by the Surgeon, from employment in any 
enamelling process. 


DUTIES. 


It shall be the duty of the occupier to 
observe Part I. of these Regulations. 

It shall be the duty of all persons em- 
ployed to observe Part II. of these Regu- 
lations. 


Part I. 
DuTIES OF EMPLOYERS. 


1. Every room in which any enamelling 
process is carried on 

(a) shall contain at least 500 cubie feet 
of air space for each person employed therein, 
and in computing this air space no height 
above 14 feet shall be taken into account; 

(b) shall be efficiently lighted, and shall 
for this purpose have efficient means of 


lighting both natural and artificial. 
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2. In every room in which any enamelling 


process is carried on— 

(a) The floors shall be well and closely 
laid, and be maintained in good condition; 

(>) The floors and benches shall be 
cleansed daily and kept free of collections 
of dust. 

3. No enamelling process giving rise to 
dust or spray shall be done save either— 

(a) under conditions which secure the 
absence of dust and spray; or 

(4) with an efficient exhaust so arranged 
as to intercept the dust or spray and prevent 
it from diffusing into the air of the room. 

4. IXxcept in cases where glaze is applied 
to a heated metallic surface, dusting or lay- 
ing on, and brushing or woolling off, shall 
not be done except over a grid with a re- 
ceptacle beneath to intercept the dust fall- 
ing through. 

5. If firing is done in a room not specially 
set apart for the purpose, no person shall 
be employed in any other process within 20 
feet from the furnace. 

6. Such arrangements shall be made as 
shall effectually prevent gases generated in 
the muffle furnaces from entering the work- 
rooms. 

7. No child or young person under 16 
vears of age shall be employed in any enam- 
elling process. 

8. A Health Register, containing the 
name of all persons employed, shall be kept 
in a form approved by the Chief Inspector 
of Factories. 

9. Every person employed shall be ex- 
amined by the Surgeon once in every three 
months (or at such other intervals as may 
be prescribed in writing by the Chief In- 
spector of Factories) on a date of which due 
notice shall be given to all concerned. 

10. The Surgeon shall have power of 
suspension as regards all persons employed, 
and no person after suspension shall be em- 
ployed without written sanction from the 
Surgeon entered in the Health Register. 

11. There shall be provided and main- 
tained for the use of all persons employed— 

(a) suitable overalls and head-coverings, 
which shall be collected at the end of every 
day’s work, and be cleaned or renewed at 


least once every week; 


(>) a suitable place, separate from the 


cloakroom and mealroom, for the sto, 
of the overalls and head-coverings: 

(c) a suitable cloakroom for clothing »,. 
off during working hours; ine 

(d) a suitable mealroom separate f{; 
any room in which enamelling processes a, 
carried on, unless the works are closed dy 
ing meal hours. 

12. There shall be provided and maj, 
tained in a cleanly state and in good rena}; 
for the use of all persons employed, a lay 


tory, under cover, with a sufficient supp); 
of clean towels, renewed daily, and of soay 
and nail brushes, and with either 

(a) a trough with a smooth imperyijoy 
surface, fitted with a waste pipe with 
plug, and of such length as to allow at |, 
two feet for every five such persons. 
having a constant supply of warm wat 
from taps or jets above the trough at int; 
vals of not more than two feet; or 

(b) at least one lavatory basin for ey: 
five such persons, fitted with a waste pi 
and plug or placed in a trough having « 
waste pipe, and having either a constant 
supply of hot and cold water or warm water 
laid on, or (if a constant supply of heated 
water be not reasonably practicable) a co: 
stant supply of cold water laid on and 
supply of hot water always at hand when 
required for use by persons employed. 

13. The occupier shall allow any of H. \ 
Inspectors of Factories to take at any ti 
sufficient samples for analysis of 








enamelling material in use or mixed for u 
Provided that the occupier may at 
time when the sample is taken, and on p! 
viding the necessary appliances, require t! 
Inspector to take, seal and deliver to him 

duplicate sample. 

No results of any analysis shall be pub- 
lished without the consent of the occup. 
except such as may be necessary to pro\ 
the presence of lead when there has 
infraction of the Regulations. 


Part II. 
DuTIEs OF PerRsoNS EMPLOYED 
14. Every person employ d shall 
(a) present himself at the appointed ' 
for examination by the Surge on as provid 
in Regulation 9; 
(b) wear the overall and head-cover4 
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torag vided under Regulation 11 (a), and de- —amelling process without written sanction 
»em and clothing put off during work- from the Surgeon entered in the Health 
< urs, in the places provided under Register; 

tion 11 (b) and (c): (b) introduce, keep, prepare, or partake 
arefully clean the hands before par- of any food, drink, or tobacco, in any room 
SES al Ling of any food or leaving the premises; in which an enamelling process is carried on; 
d dur. so arrange the hair that it shall be ef- (c) interfere in any way, without the con- 
- protected from dust by the head- currence of the occupier or manager, with 
| P the means and appliances provided for the 
repair ; No person employed shall— removal of dust or fumes, and forthe carry- 

1 lava. fter suspension, work in any en-_ ing out of these Regulations. 











EXPERIMENTAL ELECTRIC SHOCK.  II.* 
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From the Laboratory of Physiology, University of Toronto, Toronto, Canada 


INTRODUCTION 


N a previous paper by one of us! 
it has been noted that in labora- 
tory animals when an alternating 

current of definite strength is passed 
directly through the base of the brain, 
for a certain period of time, a condition 
of profound paralysis, or block, be- 
comes established in the nerve cen- 
ters. The presence of this block was 
demonstrated by experiments in which 
reflex effects normally functioning 
through these centers (respiratory, 
vagal, and conjunctival) were found to 
be absent following the shock. It was 
further shown that, after a certain 
interval following break of the elec- 
tric current, the paralysis or block is 
recovered from and the reflexes re- 
turn, provided efficient artificial res- 
piration is meanwhile applied and 
provided there has been no charring 
of the nerve structures. 

The present paper deals with fur- 
ther studies on the production and 
nature of this block. Since it is pro- 
duced by the passage of an alternating 
current, the term ‘‘a-c block’’ has been 
applied, to differentiate it from a 
somewhat similar condition produced 
in the nerve by the passage of the 


* Received for publication Feb. &, 1929. 
‘Urquhart, R. W. I.: Experimental Elec- 
tric Shock. THis Jowur., 1927, 9, 149. 


direct current—the so-called anelec. 
trotonus. 

In the first part of the paper ey. 
periments are recorded to show that » 
definite block occurs following th, 
passage of the alternating curren; 
through the cardinal centers of the 
brain at all the frequencies met with in 
ordinary industrial practice. Then 
follow experiments to determine th 
relative efficiency of using air, or oxy- 
gen, or oxygen and carbon dioxid 
mixtures during artificial respiration 
as well as experiments to determine 
whether any advantage is gained by 
using adrenaline. Finally, the ques- 
tion of relapse following resuscitation 
is investigated, since it is the genera’ 
impression that this frequently hap- 
pens in field practice. 

The second part of the paper deals 
with a study of a-e block as it can | 
produced in the spinal cord. Th 
technical difficulties in this type 0! 
experiment were found to be no 
easily overcome, but eventually 








technic was established which gav 
fairly consistent results. 

The third part of the paper Is 
cerned with a-e block in nerve 


was investigated by means of a | 
fied nerve-muscle preparation, and ' 
dence is submitted to indicate so! 
the essential features of a-c¢ bloc 
nerve. 








EXPERIMENTAL ELECTRIC SHOCK 


\-C BLOCK IN THE CARDINAL CENTERS 


The fundamental observations on 
block in the cardinal centers may 
»» briefly summarized from the pre- 
vious paper. 
| When an alternating current of 
| 100 milliamperes, or over, is passed 
‘wo seconds through the brain of an 
nimal by means of a special point 
eetrode in the nose and a large but- 
n electrode (area 0.36 sq. em.) on 
er ey. ‘he atloido-oecipital membrane, death 
that a oecurs beeause of respiratory failure. 
| If artificial respiration is applied 
within from one to five minutes follow- 
ing break of the current, recovery usu- 
ly takes place provided the current 
has not been of pithing caliber (which 
roughly over 1,700 milliamperes 
with the electrodes applied as above). 
Stimulation of the central end of 
ne vagus nerve is without reflex effect 
on the heart for some minutes after the 
‘d by shock, but the reflexes return following 
respiratory recovery. This is inter- 
preted as evidence that block becomes 
neral established at the vagus center as a 
hap- result of the passage of the current. 
Ilectrical equipment identical with 


deals ‘hat previously used was employed, 
an bi diagram of which is to be found in the 
Thi | 


vious paper. The procedure was as 
Ne O! ioillows: The animal was anesthetized 
cannulas the 


chea and into the carotid artery 


were inserted in 

records of the blood pressure 
ibe obtained. In some instances, 
in the femoral artery were 
mechanical] 


obviate eertain 


tics which were found to oc- 
levi n tracings were taken from the 
One of the vagus nerves was 
nd severed At the level of the 


- 


rtilage, and arranged so that 
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the central end could be stimulated 
by weak induction shocks. The at- 
loido-occipital membrane was then 
exposed, the special button electrode 
was placed in position, and the point 
electrode inserted in the nose. After 
the animal had recovered sufficiently 
from the anesthetic so that the eye re- 
flex could be elicited, and after suff- 
cient records of reflex vagus activity 
had been obtained, the desired cur- 
rent was applied through the brain for 
two seconds. ‘The vagus was stimu- 
lated at intervals throughout the 
period of apnea and following respira- 
tory recovery. The results are re- 
corded in Table 1 and in Charts 1, 2, 
and 3. 

It will be noted that, in the majority 
of instances, the vagal response, pre- 
vious to electrocution, showed itself 
in a slight fall in blood pressure, which 
is indicated in the table by the direc- 
tion of the arrow, resulting partly from 
a reflex slowing of the heart and 
probably also from reflex vasodilata- 
tion. The electrocution current var- 
ied from 1,200 to 1,850 milliamperes. 
It was applied in all 
seconds and artificial respiration was 


‘ases for two 


commenced as soon as possible after 
Normal respiration 
returned at varying intervals up to 
three and a half minutes. The pupil- 
lary reflex and the vagal response re- 
turned decidedly later than the breath- 
ing, and they were obtained in the 


it was broken. 


majority of instances either at the 
same time, or within a few seconds of 
eachother. These results would indicate 
that the block in these experiments 
was relatively short and this is to be 
accounted for by the fact that arti- 


ficial respiration was applied imme- 


diately after the circuit was broken. 
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Wills Maclachlan? has pointed out 
that a considerable interval, almost 


TABLE 1.—RESULTS OF EXPERIMENTS DEMONSTRATING A-C BLOCK | 
THE VAGUS CENTER 


(Artificial respiration applied immediately fol 
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apply a current of such strength ¢}; 
without producing charring of ;, 





> 
ial 
4 


* 
\ 
ay 


lowing the shock.) 








| 
| 


| 
RRENT | 


RETURN OF | 








| REFLEX VAGAL cu | NoRMAL | RETURN OF wars ah “y 
ANIMALNO. | RESPONSE PRECEDING |APPLIED FOR) nis | PUPILLARY —— 
| CURRENT! 2 SECONDS | —— | REFLEX | vAGAl 
| | | RESPONSE 
milliamp. | min./sec. | min./sec. | min. /sec 
Rabbit4 | B.P.J (Carotid) | 1,500 | 2/- | 2 | op 
" 4B? B.F. | ss | 1,500 | 2/- | 6/40 | 6/42 
“ 6 B.P. | a | 1,300 | 2/- 5/30 | 4 
“ 6B B.P. | oe | 1,500 | = 1/15 2/- | 4 
« € B.P. f . | 1,700 | = 1/- 2/- | 3/- 
" §D3 B.P. 7 (Femoral) | 1,850 | 3/30 9 /- Q/- 
Cat 2 B.P. | (Carotid) | 1,500 | 1/80 | = 2/- 2/- 
“ 2B! B.P. | | 1,600 | 1/30 | 2/30 2/30 
" 2C B.P. | ss 1,700 | 1/15 | 3/- 3/- 
“ 3 B.P. | ” 1,800 | 1/- 7/- 7/- 
“ 6 B.P. | 1,200 | -/30 | 1/- 1/- 
oc 6B B.P. | ” 1,460 | 1/30 | 2/- 2 
. 6C B.P. | “ 1,260 | 1/- 1/30 1/30 
” 6D B.P.. | ” 1,650 | 1/30 | 2/- 2/- 


' The arrow represents the direction of blood pressure change as a result of reflex vagal 


response. 
2 Chart 1. 
3 Chart 2. 
4 Chart 3. 


always from three to four minutes, 
elapses before artificial respiration can 
be applied in accidents in the field, so 
that it becomes of considerable clinical 
importance to see whether any meas- 
ures could be employed to reduce the 
period of block which ensues following 
In order 
to test the relative efficiency of such 


the passage of the current. 


measures, itwas necessary first of all 
to find a standardized method of ex- 
periment in which the only variable 
It had 


previously been found impossible to 


would be the remedial agent. 


2 Personal communication, 





nervous tissues, it would so injure th 
respiratory center that artificial res 
piration was ineffective. It was also 
found impossible to use the rate of re- 
covery following nonpithing currents 
as a basis for comparison, on accoull 
of great variability in rate. 

The method finally adopted con 
sisted in first of all determining 1 ° 
series of control experiments the lengt! 
of interval following break of the shoe 
beyond which artificial respiral 
with air would not result in resuscit 
tion, and then seeing whether this 
terval could be prolonged when 
gen and carbon 








or 


oxygen 
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Wills Maclachlan? has pointed out 


that a considerable interval, almost 


TABLE 
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apply a current o 
without produci 


1.—RESULTS OF EXPERIMENTS DEMONSTRAT 


THE VAGUS CENTER 


(Artificial respiration a 


pplied immediately following 











| 


| REFLEX VAGAL | 


| RESPONSE PRECEDING 
CURRENT! 


ANIMAL NO. 


| | 


milliamp. 


| 


€ —— i 


| B.P. | (Carotid) | 


Rabbit 4 
“4B? B.P. | " | 
“ 6 B.P. | . | 
“ 6B | BP. J | 
“  6C B.P. 1 ‘ | 
a. 6D% | B.P.f (Femoral) | 
Cat 2 | B.P. | (Carotid) | 
“ 2B B.P. | . | 
20 B.P. | " | 
‘ 3 B.P. | “ 
sae 6 Dr. | - 
‘ 6B B.P. | “ 
“ 6C B.P. | “ 
“ 6D B.P. | “ 


CURRENT | 
APPLIED FOR| 
| 2 SECONDS 


| RETURN OF 
| NORMAL 

| RESPIRA- 
TION 





min. /sec. 





bo | 
~ 











1,500 / 

1,500 | 2/- 

1,300 | 2/- 

1,500 | 1/15 

1,700 | 1/- 

1,850 3/30 

1,500 1/30 

1,600 1/30 

1,700 1/15 

1,800 | 1/- 

1,200 | -/30 | 

1,460 | 1/30 | 

1,260 1/- ap we aj uy 
1,650 | 1/30 | 2/- 2/- 


! The arrow represents the direction of blood pressure change as a result of reflex vagal 


response. 
2 Chart 1. 
3 Chart 2. 
4 Chart 3. 


always from three to four minutes, 
elapses before artificial respiration can 
be applied in accidents in the field, so 
that it becomes of considerable clinical 
importance to see whether any meas- 
ures could be employed to reduce the 
period of block which ensues following 
the passage of the current. In order 
to test the relative efficiency of such 
measures, it was necessary first of all 
to find a standardized method of ex- 
periment in which the only variable 
would be the remedial agent. It had 
previously been found impossible to 


2 Personal communication. 


nervous tissues, it would so injure thi 
respiratory center that artificial res 
piration was ineffective. It was als 
found impossible to use the rate of re- 
covery following nonpithing currents 
as a basis for comparison, on accoull 
of great variability in rate. 

The method finally adopted cot: 
sisted in first of all determining 12 * 
series of control experiments the lengt! 
of interval following break of the shocs 
beyond artificial 


which respirat! 


with air would not result in resuscll 
tion, and then seeing whether this 
terval could be prolonged whe! 

oxygen | 


gen or and carbon 
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Rabbit 4 B. Demonstrating the presence of a-c block in the vagus center. Elec!*odes on the atloid 
in seconds on blood pressure base line. 
etc. = stimulation of central end of cut vagus. S = shock. AC = artificial respiration commenced 
At iv and V? it will be observed that there is interference with the blood pressure tracin¢ at the ti 


—Rabbit 6 D. Demonstrating the presence of a-c block in the vagus center. Ele: rodes on 


AC, AD, and NR. as in previous chart. 
7 he reflex. vagal response in this case is a rise in blood pressure 
T 3.—Cat 2 B. Demonstrating the presence of a-c block in the vagus center. FElc trodes as befor 
, 5, AC, AD, and NR as in previous charts. 
In all cases it is to be noted that vagus stimulation failed to have its usual effect for s me tim 
T 5.—Demonstrating a-c block in nerve. Nerve-muscle preparation of frog. Sign: 3 on ba 


, the voltage is as indicated on the chart 
As the alternating current is increased the resulting period of absolute block leng .ens an 
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B-275-Sec 2 
nn the atloido-occipital membrane and in the nose. Current 1,500 milliamperes for t 


‘commenced. AD = artificial respiration discontinued. NR = return of nor 


e time of vagal stimulation. This was found to be caused by the contraction of the 


on the atloido-occipital membrane and in the nose. Current 1,850 milliamperes for 


as before. Current 1,600 milliamperes for two seconds. Tracing from carotid ar 


ne after the electrocution shock. It always returned following the application of 
ase line are in series with stimulating current from inductorium and indicate min 


nd excitability of the nerve, as indicated by the height of contraction of attached mu 
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amperes for two seconds. Blood pressure tracing from carotid artery. Time 
eturn of normal respiration. 


raction of the muscles in the neck (ue to a spread of the stimulating current. 
iliamperes for two seconds. Tracing from femoral artery. Time base line as 


mm carotid artery. 


yplication of artificial respiration aid the reappearance of natural breathing. 
indicate minimal break shocks. ‘he alternating current is passed for two 


fattached muscle, returns more or ‘ess slowly. 
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wixtures were used or when adrenaline 
was injected. 

Table 2 contains in brief the re- 
its of this series of experiments. 
current administered was con- 
sant, being 1,500 milliamperes for 
yo seconds applied through the brain 
by means of the special electrodes pre- 

usly deseribed. Artificial respira- 

n, with gas mixtures or air, was 
applied commencing at intervals of 2, 
2! 21 and 3 minutes, respectively, 
afterthe shock. The gas mixtures were 
delivered from a large Tissoét spirom- 

r through a pump to a catheter 
nserted in one nostril of the animal, 

mouth being held closed.  Irre- 
spective of the mixture used for arti- 
‘ficial respiration, the intervals be- 
tween its application and the first 
normal breaths were much the same. 


ryu 
ine 
hid 


\s might be expected, the proportion 
of deaths increases as the interval be- 
tween electrocution and artificial res- 
piration is lengthened so that with an 
terval of 24 or 3 minutes recovery 
unusual whether air, or oxygen, or 
ixture of oxygen and carbon dioxide 
used. Further, with an interval of 
~, minutes, the proportion of recov- 
s with air is as great as with any 
ier substance. It would therefore 
ear that no advantage is to be 
gained by the substitution of pure 
‘ygen, or oxygen and carbon dioxide 
res, In resuscitation from electric 


’ 
) 


\tures 


account of the suggestion that 
hances of recovery from electro- 
are enhaneed by injection of 
ine, the effeet of injections of 
bstance on the rate of recovery 
piration was studied. Accord- 
|,0900 milliamperes were passed 


| 
eh the head for two seconds as 
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in the preceding experiments, and, as 
soon as possible thereafter, 5 minims 
of adrenaline 1:1,000 solution were 


TABLE 2.—EXPERIMENTS SHOWING 
THE EFFECT OF VARIATIONS IN 
THE INHALATION MEDIA IN AR- 

TIFICIAL RESPIRATION 


il 





PURI Oz + | O2 + 
4 tE | “4 4 > 4 
) ( 
INTERVAL ALR O. | 4 , be ) 
BEFORE | ._ | ~ . 
APPLICATION sn emt, | “ 
OF ARTIFICIAL = 3 | 7: | > 
RESPIRATION a + a a 
na ne = A 
E/S\el/elalelsle 
min. /sec. 9 if ianie 1Q aa 1A oo 
-_— - — _ - — } ~ 
2/15 217 1 3}3 5) 4 5 
2/30 and 3/-| 4 | 2)|6)| 2 bo | 
injected intramuscularly. Artificial 


respiration was then applied at vary- 
ing intervals after the shock. From 
Table 2 it can be seen that recovery 
rarely takes place when the interval 
between the shock and the application 
of artificial respiration is more than 
If the 
of adrenaline of 
value, it might be expected that this 
interval could be prolonged and _ re- 
covery still take place. In fourteen 
experiments in which the interval be- 
fore the application of artificial res- 
piration was extended to two and a 
half minutes and up to three minutes 
the administration of adrenaline did 
not seem to have any beneficial effect. 
Only three of the animals recovered 
It 


seen that these results are not unlike 


two and a quarter minutes. 
administration 


is 


with artificial respiration. will be 
those recorded where adrenaline was 
We, therefore, be- 


lieve that the administration of adren- 


not administered. 


aline, since it does not succeed in 
influencing the length of interval 
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after which recovery may take place, 
is not of value in artificial respiration. 
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to compare these frequencies, a stan, 


i* 


ardized series of experiments show} 


TABLE 3.—RESULTS OF EXPERIMENTS WITH VARYING FREQUENCIEs 








| | 
CURRENT APPLIED | 


RABBIT NO. a aes 
FOR 2 SECONDS 


milliamp. 


RESPIRATION 


12.5 Cycle 


INTERVAL BEFORE 
APPLICATION OF 


INTERVAL BEFORE FIRST 


ARTIFICIAL NORMAL BREATH 


min./sec. min. /sec. 


Not applied Died. 





SO 1,500 
R | 1,500 Not applied Died. 
&2 1,650 —/30 2/- 
83 1,520 2/15 1/45 
&3B 1 650 2/15 Died. 
R4 1,500 2/15 ~/15 
60 Cycle 
RH 1,500 Not applied Died. 
S6 1,600 2/15 1/5 Died later. 
87 1,500 2/30 1/35 Dried later. 
8S 1,580 Immediately | 1/30 
SY 1,500 2/15 —/50 
Q0) 1,500 2/15 1/15 
9] 1,600 2/15 | 1/30 
75 Cycle 
93 1,500 Not applied Died. 
94 1,500 Immediately 1/30 
95 1,580 2/15 1/15 
96 1,500 2/15 1/10 
97 | 1,580 2/30 Died. 


Having shown that block could be 
the cardinal 
of the brain by the passage of the 25- 


established in centers 
cycle alternating current, we became 


interested in determining whether 


these results would also be obtained 
for alternating currents of other fre- 
quencies. ‘Through the kind co-opera- 
tion of Professor Price of the Depart- 
ment of Electrical engineering, Uni- 
versity of Toronto, it was possible to 


obtain frequencies of 12.5, 69, and 75 


eveles. It was obvious that, in order 


be employed. This was provided as 
follows: The animal was anesthetized 
electrodes were placed on the atloido- 
occipital membrane and in the nos 
and the depth of anesthesia was 
lowed to lessen so that the eye ref! 
obtained. A 
1,500 milliamperes was then ap} 
for 
tested at each frequency, was al! 
to The had 
artificial respiration applied to 11 


was current of 


two seconds. The first An 


die. second imum 


the remainder were allowed to w: 





tand. 


hould 


] ] 
ippileda, 


able 3 with Table 2 that there is no 


~ 


u 
i] \ bide 


hich 25-eyele 
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intervals before the applica- 


of artificial respiration. This 


mately four hours after the shock. 
The other eight animals appeared to 


INTERVAL BEFORE 


CURRENT 
r NO. APPLIED FOR 


ie coaches ARTIFICIAL 
2 SECONDS 


RESPIRATION 


milliamp. min. /sec. 


47 1,400 


Immediately 
{8 1,620 ws 
19 1,480 “ 
51 1,500 | ’ 
53 1,620 _ 
54 1,650 
5d 1,730 
56 1,590 ' 
5SB 1,600 2/- 


oY 1,600 2/- 


vided for all the conditions under 
current had 
[t can be seen by comparing 


been 


arked difference in the results ob- 
ned at varying frequencies. 

it appears to be the general impres- 
nm among electrical workers that 
es of electric shock suffer failures in 


breathing after spontaneous breathing 


which the 


is been reestablished. In order to 


ermine whether such conditions 


‘ain in laboratory animals, a num- 
of experiments were performed in 
applied 


electrodes were 


nder aseptie technie and the animals 


e observed from time to time during 
riod of forty-eight hours following 
shock and = resuscitation. Ten 
ais as listed in Table 4 were em- 
\rtificial respiration resulted 

very in all animals. Two of 
owever, were found dead on 


rhiing following the shock. 


7 


OUD appeared quite normal 


inc, gesmens Cae monage 
ie evening before. anproxi- 
a 


APPLICATION OF | 


TIME OF 
RECOVERY 


ULTIMATE FATE 


min./sec. 


- No relapse. 


2/93 | No relapse. 
1/50 | No relapse. 
2/10 | No relapse. 
1/10 No relapse. 
1/30 Died next morning. 
1/- | No relapse. 
1/40 | No relapse. 
1/50 No relapse. 
1/5 | Died next morning. 


be in no respect harmed by their ex- 
perience, and they were eventually 
used for other purposes. It is im- 
possible to tell what may have been 
the cause of death in these two ani- 
mals and further experiments on this 
phase of the problem ought to be 
performed. 


A-C BLocK IN THE SPINAL Corb 


Since the foregoing experiments had 
demonstrated that a-ec bloek of a 
temporary nature could be produced 
in the cardinal centers of the rabbit 
and the cat, it remained to be shown 
whether or not a similar block could 
be obtained in the spinal cord and in 
isolated nerve. 

In the 
block in the spinal cord many techni- 


attempt to demonstrate 
cal difficulties were encountered and 
these will be touched upon since it is 
essential that they be overcome for a 
successful result. 

A eat was anesthetized and decere- 


brated aceording to Sherrington’s tech- 








160 


nic. When hemorrhage had ceased 
and the animal had partially recovered 
from shock, the procedure as described 
by Sherrington for studying the crossed 
extension reflex was followed. Both 
femoral nerves were exposed below 
Poupart’s ligament and all branches 


cut except that to the quadratus 
femoris. Both sciatic nerves were 


dissected free and one of them severed 
near its central portion. On_ the 
opposite side, the sciatic nerve was 
far as its division into 
anterior peroneal and posterior tibial 


exposed as 


branches, the anterior being left intact 


and the posterior ligatured and 
severed. The central ends of the 


sciatic and posterior tibial nerves were 
stimulated with a weak induced cur- 
rent from an inductorium. 

In order that a graphie record of the 
the cut 
nerves could be obtained, the animal 


response to stimulations of 
was placed on its back with both legs 
suspended by passing a stout steel wire 
beneath the patellar tendon, and a 
thread was carried from each foot to 
the long end of a reeording lever. 

that on stimulation 
of the central end of the cut 
nerve the crossed extension response 


It was found 


sciatic 


(contralateral) was obtained, together 
This 
reflex served to indicate the facility of 
spread of impulse across the cord. 


with an ipsolateral relaxation. 


The flexion reflex was also observed 
in order to indieate the spread homo- 
found to 
occur an immediate and definite rise 
blood 


interference with respiration, and oc- 


laterally. ‘There was _ also 


in the arterial pressure, some 


casionally irregular contractions of the 
forelimbs. ‘These phenomena can, of 
course, be accounted for by the irradia- 
of the 


tion exciting stimulus upward 





THE JOURNAL OF INDUSTRIAL HYGIENE 


to higher centers, and their presenes q, 
absence indicates the condition of the 
long conducting pathways of the eon) 
Some difficulty was experienced in 
finding a suitable method for the loca). 
ized electrocution of the spinal cord. 
The first method employed was ; 
cut through the laminae of the second 
third, and fourth dorsal vertebrae }) 
means of a fine circular saw operated 
by a dental drill, and to place on 
electrode here and the other on th: 
cauda equina after removing the saers| 
portions of the vertebrae. The use oj 
the dental drill had to be abandon: 
largely because of danger of injury 1 
the cord, and because of difficulty 
in its operation in the presence of 
musele tissue and hemorrhage. In 
its place special curved 
were used to remove the transvers 
and 
vertebrae so that a length of fron 
3 to 4 em. of the cord 
exposed. The upper electrodes us 
to secure contact with the cord con- 
sisted at this stage of a small hook | 
sheet platinum about 
which was slipped under the cord; t! 


rongeurs 


processes laminae of 


sever 


could 


S ineh across 


| 


lower electrode consisted of a 
pointed length of {-inech copper wi 
inserted diagonally upward for abou 
1 inch between the sacrum and 
lowest vertebrae, after the manner 0! 
a lumbar puncture. The decerebra' 
animal was supported on a wood 
cradle so as to keep the electrodes i 
from the table, and graphie recor: 
the reflex movements were mac 
before. 

A series of seven experiments We! 
carried out with the technic just 
1() to 2 
milliamperes applied for two or t 


scribed. Currents of from 


? 
rt 


seconds were employed, the 
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CHART 4 


‘ , , ° ° ] : e ananal anrre 
l.—Special electrodes with saddle supports for electrocution of spinal cora 
nd B = double-hooked platinum electrodes. C = insulated bar. D and I: 


Im” saddle Supports. 


2.—Modified Sherrington electrodes for nerve. 


. . ] r . . 1. ; f) eh; »| < f >. y 
1 Ay =platinum electrodes. } = platinum electr des for stimulating shocks Irom 


OTrl1umM., 


bybyit 


Mechanism for recording production of a-c block in the sciatic nerve ot rabb 
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being observed before and after the 
passage of the current. On 
two occasions the 


one or 
crossed extension 
reflex was absent immediately follow- 
ing the shock but failed to return, 
whereas the reflex was 
unaltered. On account of the poor 
condition of the animals as shown by 
a low body temperature and failing 
blood pressure, and since it was con- 


ipsolateral 


sidered probable that adequate and 
contact with the lower end 
of the eord could not be made with the 


constant 


insertion of the wire electrode, these 
experiments were inconclusive and it 
decided to repeat them under 
more favorable conditions. Thus, by 
means of external heat and frequent 


Was 


subcutaneous injections of glucose in 


saline, surgical shock was lessened 
and fairly constant body temperature 
and blood pressure were maintained. 
At the same time, two electrodes of 
the platinum hook type were placed 
under the spinal cord in two restricted 
areas, one at approximately the second 
the the 


After two or three ex- 


dorsal and other at lower 
sacral region. 
periments, it was found that the mus- 
cular contractions during, and im- 
mediately following, the passage of 
the 


dislodged 


alternating current 
the 


elaborate eleetrode was therefore de- 


frequently 


electrodes: a more 


signed (Chart 4, Fig. 1), which effee- 


tively remained zn situ. It eonsisted 


of two aluminium saddles D and E, 


which were strapped about the ani- 


mal’s body with wide rubber bands, 


and two pairs of double-hooked plati- 


I) 


nuth electrodes A and >. each of 


eee ee : ts iris | ] . P ‘. > 7 
which Was suspended on a fine cou ol 


wire from an insulated bar C, 


} 


' 
Wiiiel 


= 
thin 


‘ ] ] . . . } 
connected and Was supported 
s 


up 
saddles. 


: , 
py the two 
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Several experiments were carried oy; 
at intermediary steps prior to the per. 
fection of the illustrated electrode. 
but only the final series performed 
following its completion will be oy. 
lined. 

The current employed in the pre. 
vious experiments, 772., from 40 to 409 
milliamperes for three seconds, was 
found to be insufficient to affect th, 
ipsolateral reflex, and accordingly 
currents of considerably higher a». 
perage were used. Protocol 1 js 
typical of three experiments. 


PROTOCOL 1 


Cat 
3:00 p.m. 


Anesthetic. 

Decerebrated; little hemor- 
rhage; condition good; de- 
cerebrate rigidity  pro- 

nounced. 

3:20 Stimulation of central end 
right selatic; ipsolateral re- 
laxation positive. Contra- 


lateral extension with a rise 





in blood pressure. 

750 milliamperes applied t 

cord for 2 seconds. 

31 Stimulation of central end of 
right sciatic; negative. \o 
effect on blood pressure 

33 Stimulation of central end 
right sciatic; negative 
effect on blood pressure 

3:3 Stimulation of central end o! 

right sciatic; negative. - 
effect on blood pressure 

Slight contralateral, markec 


Oo 


Ww 


J 30 
ipsolateral reflexes. 
pressure rose. 

3:39 Definite contralateral, ma! 


ipsolateral reflexes 
pressure rose. 


Duration of block, 5 n 


A similar result was obtainec 
other experiment using a curren 
150 milliamperes for four seconds, 


duration of block being one ana & 


minutes. In these experiments, ! 
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: of the forelimbs which were 
»yident on stimulation, prior to the 


s 


ied ou ment 


1e per. 


trode. nassage of the current, were absent 

ormed ‘hroughout the duration of the block, 

C out. & and returned coincident with the 

‘ sponse from the hind limbs. These 

' Pre- results were obtained on two occasions 

LO 400) hut graphs on a sufficiently reduced 
Was -eale satisfactory for publication could 

ot th not be secured. 

lingly 

+ én, Discussion 

Lis From these results it is apparent 


that, following the passage of an 
alternating current of suitable strength 
through a portion of the intact spinal 
cord of the deeerebrate cat, a condition 
‘a of block becomes established, as 
a judged by the abolition of those reflexes 
which are dependent on the conduc- 
y of that portion of the cord 
through which the current has passed. 


nd of tIVITV 


nieces It had been hoped to use similar 
=e preparations for the purpose of deter- 
Tv mining to what extent the results 

would be altered by using currents of 
nd 


variable amperage, frequency, and so 
| orth, but, on account of the extreme 
d technical difficulties involved and the 
arge number of experiments which 
nad to be performed before reliable 

sults, such as those exhibited in the 


Y) 


protocol, eould be obtained, it was 


i. 


lecided to seek a 


bien 8 
rolled 


more easily con- 


preparation in the sciatic 


A-C BLock IN NERVE 


m the results of the foregoing 
ents it might be expected that 
bloek that 

d in the spinal cord could be 
iced in a mixed nerve. 


analogous to 


AS an 


i block, certain reflexes were 
yed in the former case, whereas 
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in the latter the response of an at- 
tached muscle preparation to stimu- 
lation of its nerve was used. 

The first experiments were carried 
out on the frog nerve-muscle prepara- 
tion. The alternating current was 
applied to the nerve through a pair of 
fine platinum, hook shaped electrodes. 
The nerve was stimulated proximal 
to the area of block by means of ordi- 
nary electrodes attached to an induc- 
torium delivering single break shocks, 
which were regulated so as to be just 
sufhcient to cause a 
traction. 

Tracings of contractions caused by 
three stimuli were made 
and then a current of low voltage 
passed for a period of two seconds 
through a length of nerve which was 
approximately 1 inch. 

Stimulation with shocks of the same 
strength as 
was resumed 
until the 
normal. 


maximal con- 


successive 


those previously used 
fifteen 
had returned to 
A signal magnet was placed 


in series with the stimulating current. 


every seconds 


response 


The results of such an experiment are 
shown in Chart 5. Here, break shocks 
produced a fairly constant contraction 
of the attached muscle, and, after nor- 
mal had taken, an 
alternating current of 6 volts, the am- 
perage of which couid not be recorded, 


tracings been 


was passed through the nerve for two 
the 
within 


‘ 


seconds. Stimulation of 
mal end of the 
seconds showed no evidence of block, 
the 
slightly increased. 


proxi- 
nerve five 
contractions if anything being 
Next, a current of 
7 volts was used, and the contractions 
the first 
diminished in height, the succeeding 


following stimulus were 


two being back to normal. Succes- 


sively increasing voltages up to 12.5 
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were employed in a similar manner. 
From Chart 5 it will be seen that as 
the current is increased the extent and 
duration of the block, as judged by the 
diminution or muscular 
contraction, become more pronounced. 

Owing to scarcity of frogs, it was 
decided to employ the sciatic nerve in 
rabbits, using the flexion of the foot 
as an indication of the muscular re- 
sponse. 


absence of 


In a series of such experi- 
ments the following points were in- 
vestigated: (1) localization of block; 
(2) relationship between strength of 
current and degree and duration of 
block; (3) relationship between dura- 
tion of current and degree and dura- 
tion of block; and (4) recovery of 
nerve following passage of a strong 
current. 


Procedure 


A similar technic was employed in 
the investigation of the four problems, 
any particular variations being de- 
scribed under the individual headings. 

A well-fed rabbit was anesthetized 
and maintained under a constant de- 
gree of light anesthesia. The sciatic 
nerve on one side was exposed through- 
out as great a length as possible, liga- 
tured, and severed at its proximal end. 
The ends of the ligature were waxed, 
and threaded through the specially 
designed modification of Sherrington 
Chart 4, Fig. 2.) 
The nerve was drawn carefully across 
the three contacts, A, A,, and B, and 
secured in place by gentle traction on 
the ligature. The whole electrode 
was partially embedded in the muscu- 


electrodes. (See 


lar tissues of the thigh and secured in 
place by a suture and its lower end 
supported to prevent undue tension 
on the 


nerve. The animal was then 
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secured on its back (see Chart 4, Fi, 
3) and the leg fixed by means of , 
clamp at the first joint, and a stoy 
steel pin passed through the patella; 
tendon. Graphic records of muscula; 
response to stimulation of the nepyp 
were obtained by connecting the dista| 
phalanx of the prepared leg by means 
of a thread to one arm of a spring lever 
the other arm of which recorded 4 
tracing on a smoked drum. 

The electrical equipment was apr. 
ranged so that currents of variable 
voltages could be passed through th 
nerve by means of the terminals A ani 
A; (Chart 4, Fig. 2). Single break 
shocks from an inductorium could } 
sent in at B at any given time. 

An alternating current of sufficient 
strength to produce block was passed 
through the nerve, and stimuli were 
sent in at half-minute intervals until 
the muscular response returned to 
normal. The first indication of mus- 
cular contraction, as shown by the 
excursion of the lever, was taken as 
evidence of beginning restoration 0! 
conductivity, and the return of excur- 
sions to their previous height as an in- 
dication of complete recovery from 
the block. 


Localization of Block 


In several experiments this pro- 
cedure was modified by the applica- 
tion of a second pair of electrodes s0 
that the nerve could be stimulated 
both proximal and distal to the lengt’ 
of nerve through which the curre! 
was to be passed. In each instance 
it was observed that prior to the pa> 


sage of the electrocuting currel 


both proximal and distal stimuia' 
produced identical 
immediately following the applicatlo! 


, 


results; whereas 
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- , suitable alternating current distal 
Jation was without result, while 
4] stimulation remained un- 
As the block was recovered 
‘istal stimulation again evoked 


red 


- original response. 
From these observations, it was con- 
| that the block was confined 
ve length of nerve through which 
current passed, and that there was 
or no spread of the area of block 
asin the phenomenon of electrotonus. 


Relationship between Strength of Cur- 
ent and Degree and Duration 


of Block 


it was found after several trials 
it, in order to produce a block of 
measurable duration, a current of 
bout 20 volts and 2 milliamperes 
| to be applied for a period of two 
econds. In order to investigate the 
relationship between the degree of 
block produced and the strength of 
current employed, a current of low 
itage—from 12 to 20 volts—was 
passed through the nerve for two 
seconds. The voltage was then grad- 
ly increased. Whenever block oc- 
curred, ample time was allowed for 
complete recovery of the nerve before 
current was again applied. The 
tocols of the experiments are here 
reproduced (Protocols 2 and 3), to- 
ther with the graphic record of one 
ol them (Chart 6). 
rom these results it will be seen 
provided the time element is 
ustant, a definite threshold of cur- 
s required before block is induced. 
block is indueed, its duration 
‘rectly with the strength of 
rent. It was found in other 
that a limit is reached 


T\? 


oe 
cn recovery apparently 


occur. (Studies on the 
histologic changes in a nerve subject 
to a maximal shock are under investi- 
gation, and will be reported later.) 


does not 


Relationship between Duration of Cur- 
rent and Degree and Dura- 
tion of Bloch: 


The technic employed was similar 
to that deseribed in the foregoing 
experiments. 

A current was used which, when 
applied for two seconds, was known to 
produce a definite and pronounced de- 
gree of a-c block. 
for example, in one experiment was 
60 volts with 10 milliamperes and this 
was applied for varying fractions and 
multiples of a second. It was found 
that the current required varied with 
each individual owing 
possibly to such factors as the condi- 
tion of the animal and particularly 
of the sciatic nerve; the efficiency of 
electrical contact and of connections; 
and the degree of anesthesia. 

The protocols and graphic records 
of two typical experiments are here 
reproduced (Protocols 4 and 5; Charts 
7 and 8). It will be seen that the 
duration of block bears a direct re- 
lationship to the length of passage of 
the current. 


Such a current, 


experiment, 


Recovery of Nerve Following Passage of 
a Strong Current 


Since the duration of block appar- 
ently bears a direct relationship to the 
duration of the current, it became of 
interest to determine whether a cur- 
rent of sufficient strength might be 
applied for two seconds so as to pro- 
duce such a degree of block that no re- 
covery would occur. In order to allow 
of recovery taking place in the nerve, 
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CURRENT APPLIED FOR 


volts 


12 
12 
20) 
25 


o0 


10 
20 
30 
40 
45 
60 


CURRENT 


volts 


PROTOCOL 2 
May 14, 1928. Rabbit anesthetized and prepared as usual. Normal contractions eljej:,, 
and recorded. 


2 SECONDS 


Me ill La mp. 


_ - “ 
ed ~ 


10. 


mR - 


oO ©® - 


0 


a 


or 





REMARKS 


Contractions normal. No block. 

No block. 

No block. 

No block. 

Definite block lasting 10 sec., with com. 
plete recovery. 

No block. 

Slight block. 

Block. 

Block. 

Block. 

Block. 

Drum stopped for 6 min. 

Gradual but not complete recovery, 
Condition of animal only fair. 


PROTOCOL 33 


milliamp. 


APPLIED FOR 
2 SECONDS 


Rabbit anesthetized and prepared as usual. 


REMARKS 


Normal contractions elicited and recorded. 


20.0 
20.0 
30.2 
30.2 
OU Ss 
49 0 


No block. 

No block. 

Complete block, 30 sec. 

Complete block, 45 sec.; partial, 60 s 

Complete block, 75 sec.; partial, 79 se 
Complete block, 80 sec.; partial, So 5 


record of experiment, see Chart 6. 
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\Iav 17, 1928.) Rabbit prepared as usual. Normal contractions elicite: 


iM 


Feat 


CURREN' 


APPLIED 
/ polts 
2 OU) 
AS 

py 

‘() 0) 
»45 

23) 

"OO 0) 
-40 

> 40 

() 

740) (i) 
730) 

() 
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1) 


\layv TS, TORS 


rity 


CURRENT 


1} 


(aive nom erro? 


Rabbit prepared as usual. Normal contractions elieited 


DURATION OF 
CURRENT 


SEC. 


PROTOCOL 3! 


DURATION OF} 
CURRENT 


see Chart 8. 


REMARKS 








Block. 

Slight response. 

Complete recovery in 2 min. 
Block. 

Slight response. 

Complete recovery in 2 min., 2° 
Block. 

Slight response. 

Partial recovery. 

Complete recovery in 3 min., 55 
Block. 

Slight response 

Partial recovery. 

Complete recovery in 9 min 
Block. 

Slight response. 


Complete recovery in LO min., 20 se 


REMARKS 


Temporary block. 

Complete recovery in 50 see. 
Block. 

Slight response. 

Complete recovery In SO sec 
Block. 

Response. 

Complete recovery in 160 see 


NO recovery from block noted 
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PROTOCOL 6! 


LO2S 


REMARKS 


normal eontraetion reeorded. 


Block. 

Kirst response, 

Normal response. 

Block. 

Slight response. 

Normal response after 19 min, 


Block. 


170 THE JOURNAL OF 
June 19, 
CURRENT APPLIED FOR 
TIME 2 SECONDS 
p.m. rolts milliamp. 
2:00:20 Animal prepared as in previous experiments. 
2-O1:0 Stimulus: 
2:03:30 37 
2-04:0 
2-QOO 230 
2:-91:0 115 13 
2:20:50 
2: 40:0 - 
2:44:(0 150 () 
3:14:0 


' For graphie record of experiment, see Chart 9. 


it was obvious that the animal should 
be maintained in good condition and 
that no gross damage, e.g., charring, 
should have been produced by the 
current. Protocol 6 illustrates such 
an experiment, 

In this experiment, following the 
of 115 


[Wo 


volts with 13) milli- 


Passage 


WhHiperes for seconds. complete 


block was induced for eight and one- 


half minutes, the nerve returning to a 


normal state im nineteen minutes. 
Following the use of 150 volts with 20 
milliamperes for two seconds, after 
thirty minutes there was still no indi- 
cation of returning conduetivity, the 
condition of the animal rematning 
excellent. 


We 


following the passage of 


may, therefore, presume that 
7 relatively 
Strong current fortwo seconds through 
nerve a degree of block is established, 
from Which the nerve does not recover 


Ith ih reasonably lone period ot Lite 


No response in 30 min. Animal in good 


condition, Nerve removed fo: pat ho- 


logic examination, 








("ONCLUSION 


l. ‘The 


current through the base of the brain 


passage of an alternating 
In rabbits (and cats) sets up a condi- 
tion of bloek (a-e bloek) during whieh 
there is failure of respiration, and th 


usual responses through the cardio- 


vascular and conjunctival reflex cen- 
ters fail to be elicited. This confirms 
the conclusion previously drawn by on 
of us (R. WL. U.). 

2. Unless the alternating rrent 
has been of such intensity as to caus 
charring of the nerve struetures, th 
block is gradually recovered 11 pro- 
vided the animal has meanw! bee! 
subjected to artificial res tol 


Breathing and the various 


return about the same time 

5. Lhe alternating curre! 
a similar condition of tempor 
1) the Centers ot the lower } 


the spinal cord inh deceerebral 
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the behavior of 


CTOSSC( 


demonstrated by 
the 
reflexes, 


flexion and extension 

t. The conducting pathways in the 
spinal cord are also temporarily bloeked 
by the alternating current as demon- 
strated by the disappearance of reflex 
change in blood pressure and of the 
free limb movements. 


5. A-e bloek 


strated in 


also be demon- 
this 


done most successfully in using the 


may 


nerve and has been 


sciatic nerve of the rabbit. By means 
of this preparation, the relationship 
between the strength and = duration 
of the alternating current and the in- 
tensity of the bloek has been worked 
out. It is to be noted that following 
the passage of a relatively strong cur- 
rent through nerve a degree of block is 
established from which recovery does 
within a 


not occur reasonably long 


period of time. 
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6. The addition of carbo; 
to the air used for artificial res 
or the use of oxygen instead « 
this purpose, does not haste) 
turn of normal breathing in 
euted rabbits. Injection of a: 


is also of no advantage. 


The authors wish to express thi 
to Prof. J. J. R. Maeleod for his « 
interest throughout the progress 
work; and to Mr. Wills Maeclaeh 
sulting Engineer, and his associat: 
Hvdro-Eleetrie Power Commissio 
tario for the assistance and faeilit 
so kindly provided. 

To Mr. F. 


ant, High Tension Laboratory of the 


LL. Harrison, Eleetrics 
Kleetrie Power Commission of ©; 
special debt of gratitude Is due for 
and resourcefulness in fulfilling 

what exacting electrical requirem: 
is through his co-operation that suc 
as have been obtained were made | 


and the authors take this Opporl 


expressing their appreciation, 





BOOK REVIEWS 


AMBULANCE FOR FACTORIES 


\ND 

eksHOoPsS. Home Office, Welfare 
No. 4. Seeond edition. Pp. 

don: H. M. Stationery Office, 


<cellent memorandum de- 


second edition. It is hard to 


late the eood it has done. 
nd sterilized dressings with 
gq is the approved line of 

The necessary equipment 
bed and illustrated, and the 
Ambulance 
dealt 


nd the way to organize a first 


of use is set out. 


ind convevances are 


onnel. The need for keeping 


hudving 
The 


nd useful, 


axeeident reeords — is 


and plates 
The relating 
ubject in Welfare Orders and 


Workmen's Compensation Act, 


plans are 


law 


stated. “Phe whole pamphlet 


el in value and condensation. 


HRDUNG UND STAUBSCHADIGUNG- 
\IeTALLSCHLEIFER INSBESON- 
DES BERGISCHEN LANDES SV 

ewerbearzt Dr. Teleky, Medizin- 


| )} Lochthe Mt pre i | yr. Krika 
! = py ISNSCW und (sewerberat LD ["= 
Paper. Pp. 205 with illustrations 


Cisndht 


LQ2s 


Arbeit ou. 
teimar Hobbing, 


lography 
lin: 


Sa) 


In) 
health 
to 
A 
Of dust count experiments 
the 
ch Dr. Teleky prefers to 


erinders 
tq 


of metal 
and the 


upon 


Injury 
their CXPOSULre 
subject of this work. 
()wens 


Using dust 


“Onlmeter being 


he 


As 


More 


though considers that 





7 


the ideal dust counter is. stil] be 


He finds, as does Dr. Middle- 


to 


made, ! 


ton, that wet sandstone grinding 
produced the greatest amount of 


dust, and the most dangerous (quartz) ; 


manufactured grindstones produced 


less dust and that of a less dangerous 


character (chiefly iron) and more 
easily removable by dust exhaust 
plant. 


He strongly advocates the extension 
of the use of manufactured stones 
There 


provement in dust exhaust apparatus 


as 


In Ieneland., is need of im- 
and it isa subject which should receive 
more attention from technical experts. 

Dust counts similarly obtained from 


\Mid- 


dleton were much higher than those 


the Shefhield workshops by Dr. 


In Solingen. Dr. Teleky gives as 
reasons for this: (a) the threefold 
arrangement of grinders in Sheffield: 
(b) the Shefhleld) grindstones mostly 


turn away from instead of toward the 


worker; and (¢) the usually greater 


number of orindstones 17) 


Shefheld., 
Careful clinteal and 


per POOtH 
X-ray eXaMil- 
Dr. Loeht- 
kemper of LOO metal grinders. In 


he 


nations were made by 


common with other observers 


The most recent konimeter made is. a 
Leiss It consists of a revolving glass disk 
2) inches in diameter divided into 30 equal 
spaces Which are numbered 
the amount of dust in 
2 D oo. sample oft alr Cat he made toadhere 
\ttached to the konimeter is a microscope 


To each Space 


either a 5-e.e. or 4# 


which has a magnification of 200.) It 
delightfully compact and easy to manipu- 
late and should be especially useful in 
mines Ss. W. F. 
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notes that the clinteal findings showed 
that a characteristic and diagnosable 
disease pneumonokoniosis Is pro- 
dueed by dust inhalation, but that 
specific SVinptoms are nonexistent, 
Only a number of nonspecific symp- 
toms (e.g., eough, dyspnea, liability 
to eateh cold (even in summer), ete.) 
taken in conjunction with the clinical 
and occupational history together 
with an N-ray examination can es- 
tablish the diagnosis. Consequently 
the diagnosis should be in the hands 
of skilled chest clinicians, one for 
each large district, equipped with and 
expert in the use of up-to-date X-ray 
apparatus an opinion of interest) to 
those who have to consider the medi- 
eal arrangements of an extended. sili- 
COSIS scheme, 

Dr. Lochtkemper also recommends 
periodic | examination CVeTY three 
vears, by such ao physician, of all 
sandstone grinders, and, at shorter 
periods, of workers already affeeted., 
He considers that as technical meas- 
res are not vel sufficiently efhicient to 
preven dust inhalation, diseases due 
to it should be placed on the same 
hooting AS aecerdents with regard tO 
COMpensallon 

Lr, Lochtk Piper classifies pmeu- 
MOnOKONLOSIS Inte three stages 
aecording to the N-ray findings and 
he repeatedly stresses the value of 
\-ravs for differential diagnosis, 

[mn the first) stage he places Cases 
showing enlarged hilus glands and 
more or less inereased fibrosis in the 
peribronchial, perivascular, and inter- 
stitial Ivinph channels, indicated by 
the more distinet outlining of the 


vessels, 


The second stage embraces 
Ing cases with mueh increased 
tion; solitary infiltrated nod 
a reticular or honeyeomb-lik: 
artig) structure are in evide) 

To the third stage belong 
which both lung fields are str 
with isolated, sometimes ¢ 
nodules giving the “snowsto) 
pearance, 


TABLE 1.—STAGES OF PNFEI] 
KONTLOSIS 


NO . 

OF 

DUST | 
Polishers { 7 
Kine glazers q) 
Coarse glazers { ‘ 
Manufactured stone 10) 
Dry sandstone | 
Wet sandstone 19 


| 


This man worked twenty-th 
In the same room with wet 


grinders. 


Table 1 (a reproduction of | 
shows to what extent pHneumol 
sis was found in the 100 
examined; about thirty int 
reproductions of the films tal 
trate the text. 

This work as a whole, 
presenting no strikingly new 
succeeds in conveving to th 
short vet complete account, 
of metal grinding in Soling 
also of present day knowledg 
disease due to the Inhalation 


the methods of investigat! 


means of prevention.—E. V/ 
and S. W. Fisher. 








